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Abstract 


A method of drilling a through-hole for inter-surface conduction in a laminate for a printed wiring board, the 
laminate comprising a metal foil attached to an insulating material, with a water-soluble lubricant sheet on 
one surface or on front and reverse sides of the laminate, the method comprising drilling the through-holes 
in the presence of a water-soluble lubricant sheet which is 0.02 to 3 mm thick and is formed from a mixture 
of 20 to 90 % by weight of a polyether ester with 10 to 80 % by weight of a water-soluble lubricant. 
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(54) Method for drilling a through hole in a laminar substrate and sheet used therein. 



(57) A high molecular weight sheet comprising a composite whose principal component is a special water 
soluble high molecular weight compound, or a multilayer sheet wherein a water soluble high molecular 
weight layer is piled on sheet material is prepared. Then, said sheet is layered on entry side of a 
laminated substrate comprising insulating material and metallic foil. In this state, through holes are 
formed in the laminated substrate through said sheet. When forming through holes, said water soluble 
high molecular weight compound serves as lubricant so as to extend drill life. In addition, it is possible 
to drill a lot of substrates, which are layered, at one time, resulting in the improvement of production 
efficiency. 
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FIELD OF THE INVENTION 
BACKGROUND OF THE INVENTION 

■mmam 

and the exit sheet reach 200 , m . ^ *» "*> — 

^Tr^rr^rirs^s; 

placing either: 

^/.EE^Esss :?fs? - ^ — - hish — - « • — 

on the entry surface of the substrate; and 

forming a through hole in the substrate through the sheet (Y) or (2), wherein- 
hydrogengroupf °^ nic residue ha ™° active 
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{CH 2 CH 2 0)- in an amount of at least 70% by weight; and 

5 -4CH 2 CHO^-; 

and 

Q is a water soluble high molecular weight compound comprising the repeating unit I: 

{DXDR 2 } I 

10 wherein: 

Ri is a hydrocarbon group; 

R 2 is a polycarboxylate reside or a diisocyanate residue; 
D comprises: 

{CH 2 CH 2 0 H wherein n is a positive number, {CH 2 CH 2 Of comprising at least 70% by weight of D; 



15 



20 



25 



30 



35 



40 



45 



50 



55 



and 

-4CH 2 CHOhh 

wherein m is O or a positive number; and 

X is an organic residue with two active hydrogen groups. 

In a second aspect, the invention provides a single layer sheet for use in drilling comprising a water soluble 
high molecular weight compound the principal component of which is P or Q. 

In a third aspect, the invention provides a multilayer sheet for drilling obtained by layering a water soluble 
high molecular weight compound layer the principal component of which is P or Q. 

Namely, inventors of the present invention have conducted a series of researches on a method of forming 
fine thru-holes having a clean cut wall, which prevents heat generation, is superior in lubricating effect, and 
also prevents debris from spreading. As a result, they came up with an idea of employing a sheet (sheet Y) 
comprising a water soluble high molecular weight single-layer sheet wherein the principal component is a spe- 
cial water soluble high molecular weight compound superior in lubricating effect due to low melting point, or a 
sheet (sheet Z) wherein the above water soluble high molecular weight sheet is layered on sheet material. When 
forming thru-holes through this sheet layered on the substrate, a water soluble high molecular weight layer is 
easily melted with f rictional heat caused by rotation of a drill and the like, so as to incorporate debris, resulting 
in prevention of wall surface roughness and breaking or damage of a drill bit with the heat rise by f rictional 
heat because the above melted water soluble high molecular weight compound works as lubricant That is, 
since melting point of the above specific water soluble high molecular weight compound is low, the above water 
soluble high molecular weight compound melts immediately by heat generated in drilling thru-holes, whereby 
heat removal effect and lubricating effect show so as to prevent surface roughness. Furthermore, the process 
after forming thru-holes can be simplified because grinding surface is unnecessary. Especially, the effect of 
the drilling method according to this invention is remarkable when forming very small thru-holes like not more 
than 0.5mm in diameter. Generally, when diameter of thru-holes is small, diameter of a drill bit or gimlet be- 
comes small, which easily damages the bit with f rictional heat occurred in forming thru-holes in the laminated 
substrate. As a result, only one or two pieces of laminated substrate can be layered. However, according to 
this invention, it is possible to layer three or four pieces of laminated substrate, which enables to improve pro- 
duction efficiency. 

Among all, in three-layer structure, one embodiment of the above sheet Z, multilayer structure, it is avoid- 
able for debris to stick to the blade of a drill or a gimlet because the above water soluble high molecular weight 
layer is sandwiched between upper and lower sheet material. Namely, since sheet material sandwiching the 
water soluble high molecular weight sheet prevents sticking, resulting in substantially no adhesion occurred. 
Therefore, if a drill and the like rotates at high speed, its bit does not break and contacts an object to be drilled, 
resulting in no discrepancy among hole positions of each substrate. 

Furthermore, according to this invention, there is a characteristic of very low occurrence of haloing in cop- 
pering after drilling because cut surface roughness is very low. When haloing occurs in an inner copper layer 
of multilayer panel, copper rusts on the portion where haloing is caused as time passes, or sometimes copper 
circuit is disconnected. Therefore, it is required to control the occurrence of haloing as much as possible. The 
above haloing is caused because galvanizing liquid permeated into the inner copper layer is difficult to remove 
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1 1 m.th^ P 7 ♦ galvan,z,n 9' resulti "9 in co PP«^ rust due to this galvanizing liquid. In addition there 
HZl t PreVent,n9 ° Xidati0n ° f 9 alvanizin 9 «Md with reducing agent before galvanizing In his case 
a process become complicated because reducing process is added. In the present invention Tfe effect^ to 
prevent haloing without any additional process. invention, it is effective to 

The present invention is now described in further detail. 

The laminated substrate in this invention comprises variousprintedcircuit panel substrate wherein metallic 

ubsTrate muS TJT ** example ' there « 

subs rate, multilayer laminated substrate having printed circuit panel therein, metallic-foil layered laminated 
substrate having printed circuit panel therein, metallic foil layered plastic film and the like 

As subs rate forming the above laminated substrate, for example, there are, glass fabric impregnated with 
epoxy res,n (both s.des coated with copper foil), glass fabric impregnated with epoxy resi £E?SE£2 
with copper foil), glass fabric impregnated with polyimide resin (both sides coated with ^pSn qlaL ? b S 
= gnatedw^h p0 ^ 

sides coated w.th copper foil), glass fabric impregnated with heat curing polyphenytene oxide ^^PPOUes n bo J 
sides coated with copper foil), glass nonwoven fabric doth impregnated wrth epoxy resin (both s dS coated 

thfli^The SZZTT T * T impre9nated ^ 6POXy reSi " < Si "9 |e -2 coated 2^)11 
the like. The substrate can be formed by layering one or more of the above base material Amona all a mul 

^n~^r ins a desired circuit ° n each — - ^zxses 

PreS tnt P ^ a n2 eetf ° r driMin9 iS emP '° yed in ' meth ° d fordrillin9 thm - h0les in a ,aminated substrate of the 

.»„ JI, 6 a T' e ? 6Cial Sh6etS f ° r driMin9 3re rOUghly se P^ted into two kinds of sheets. One is the sinqle- 
laye structure of water sol ub.e high molecular weight sheet formed by high molecular weight Mayei whose X- 

sL^T ,S 3 SPeCia ' h ' 9h m0 ' eCU,ar W6i9ht C ° mp0und < sheet Y). Another one is the sS o«Z 
structure wherem water soluble high molecular weight layer is layered on the base material (she* Z) * 
First of all. sheet Y of the above single-layer is described. 

The water soluble high molecular weight sheet of the above sheet Y is formed by high molecular weiaht 
ayer wherein a special water soluble high molecular weight compound is principal J^^S^X 
a P" nc, P al component" contains the case of ■ ~ is the only one component" 

con S Tst^f7h^ SO,Ub,e hi9h m0 'T ,ar Wei9ht COmP ° Und COmprises at least one sele *ed f~m the group 
consisting of the following component P and component Q- a v 

hydrogengroX ^ ^ C ° mprisin9 an or 9 anic resid "° ^ving two active 

{CH 2 CH 2 0> in an amount of at least 70% by weight; and 



-(CH, CH Oh; 



and 

Q is a water soluble high molecular weight compound comprising the repeating unit I 

{DXDR 2 } | 

As components of the above P R, is favorably a methyl group, an ethyl group, or a phenyl orouo Besides 
weight average molecular weight is preferably set up not less than 1 .000 most p^erlbly 6 000 to 1 SSS? 
Tha , s . when weight average molecular weight of P component is less than 1 .000. the water soluble hiqh I mo' 
e^Z^n. 00 ^ " HqUefied 31 3 n ° rma ' temperatUre ' WhiGh does "-m^^To^STpS: 

i.n^f 0 ? P bS ° btained by addition P° lvmerizi ng a'ky'ene oxide whose principal component is ethy- 
lene ox.de, into an organic compound having two hydrogen groups component is ethy- 
lene I^^IT? CO p mP ° Und haVI '? 9 tW ° 3CtiVe hydr ° 9en 9r ° ups - there are alicvc ^ °io' such as ethy- 
lene glycol, diethylene glycol, propylene glycol, dipropylene glycol. 1.4-butanediol, 1 6-hexanediol neooentvl 

oXrS r f ' P0,ytetra r thy,ene 9,yC01 - cyc| o^xane-1 ,4-dimethanol. and am nes such 
octylam.ne laurylamine. cyclohexylamine. aniline. These are employed solely or in combination 

As alkylene ox,de, mainly made of ethylene oxide, containing for addition polymeria ton with the above 

o™ a Il C r P H Un J I'?' 6 ethy ' ene ° X,de S0,ely ' the mixture of ethy| ene °xide as .^oSJSllSS 
propylene ox.de, butylene oxide, styrene oxide, a -olefin epoxide, glycidyl ether or the like In Sinn £1 

COnt Th?a f bov e e ab ° Ve ° Xid K 6 iS UP ^ ,6SS tha " ?0% by cS^Tit- erla S **" 

The above component P can be obtained by employing each ingredient of the above, and reacting lem 
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with caustic alkali such as sodium hydroxide or potassium hydroxide as a catalyzer at a temperature between 
about 90° and 200 °C for 2 to 30 hours so as to addition polymerize at block or random alkylene oxide containing 
ethylene oxide to the organic compound having two active hydrogen groups. Besides, there are another meth- 
od that alkali metal catalyzer is dispersed into hydrocarbon solvent and alkylene oxide is added to addition poly- 
merize with an organic compound having two active hydrogen groups. 

Now, component Q is described. The above Q is a water soluble high molecular weight compound com- 
posed of a repetitive unit represented as the above formula (I). R 2 of the formula (I) is preferably a methyl group, 
an ethyl group or a phenyl group. Further, the weight average molecular weight is set up preferably not less 
than 10,000, more preferably 30,000 to 200,000, most preferably 80,000 to 160,000. The water soluble high 
molecular weight compound composed of the repetitive unit represented as the above general formula (I) can 
be obtained by employing the following two components (A) and (B). 

(A) is a polyalkylene compound prepared by addition polymerizing alkylene oxide, whose principal com- 
ponent is ethylene oxide, with an organic compound having two active hydrogen groups; 

(B) is a polycarboxylate compound or a diisocyanate compound. 

As the organic compound having two active hydrogen groups of the above (A), there are the same as men- 
tioned in the above component P. 

As alkylene oxide, whose principal component is ethylene oxide for addition copolymerization with the 
above organic compound, there are the same as mentioned in the above P. The content of the above ethylene 
oxide is set up not less than 70% same as the above component P. 

The above (A) can be obtained by employing each ingredient of the above, and reacting them with caustic 
alkali such as sodium hydroxide or potassium hydroxide as a catalyzer at a temperature between about 90° 
and 200 °C for 2 to 30 hours so as to addition polymerize at block or random alkylene oxide containing ethylene 
oxide to the organic compound having two active hydrogen groups. Besides, there are another method that 
alkali metal catalyzer is dispersed into hydrocarbon solvent and alkylene oxide is added to addition polymerize 
with an organic compound having two active hydrogen groups. 

The weight average molecular weight of (A), polyoxy alkylene polyol, obtained by employing each ingre- 
dient of the above is preferably not less than 1 ,000, most preferably from 5,000 to 30,000. That is , if the weight 
average molecular weight is less than 1,000, the mixing ratio of the above corresponding (B), the connecting 
agent of dicarboxylate compound or diisocyanate compound increases so that the tendency of deterioration 
of solubility in water can be seen. On the other hand , if the weight average molecular weight- is between 5,000 
and 30,000, the melting point of the water soluble high molecular weight compound obtained by reacting with 
the connecting agent of (B) becomes moderately high, and also good film formability. 

As polycarboxylate compound of (B), which reacts with the above (A), there are polycarboxylic acid, poly- 
carboxylate anhydride, lower alkyl ester of polycarboxylic acid. As the above polycarboxylic acid, there are di- 
carboxylic acid such as phthalic acid, isophthalic acid, terephthalic acid, malonic acid, succinic acid, sebacic 
acid, maleic acid, f umaric acid, adipic acid, itaconic acid and the like, and tetracarboxylic acid such as pyro- 
mellitic acid. As the above polycarboxylate anhydride, there is each anhydride of the above various polycar- 
boxylic acids. Finally, as the lower alkyl ester of the above polycarboxylic acid, there are methyl ester, dimethyl 
ester and the like of each polycarboxylic acid of the above. These are employed solely or in combination. 

As diisocyanate compound of the above (B), specifically, there are tolylenediisocyanate, diphenylmethane 
diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate, xylene diisocyanate, 4,4-methylene-bis 
(cyclohexyl isocyanate) and the like. There are employed solely or in combination. 

The water soluble high molecular weight compound [component Q] composed of a repetitive unit repre- 
sented as general formula (I) can be obtained by reacting the above (A) and (B) as follows. The first case that 
(B) is polycarboxylate compound is described. That is, the above (A) is prepared, and the above (B) is added 
therein. The mixture of (A) and (B) is heated. Then, dehydration or dealcoholization is conducted under heating 
condition at 80° to 250°C and reduced pressure into 0.1 to 2.7 x 10 3 Pa, resulting in the water soluble high 
molecular weight compound. The time for such a reaction is usually 30 minutes to 10 hours. 

The mixing ratio (A/B) of both (A) and (B) to be reacted is preferably set within the scope of A/B = 1/0.90 
to 1/3.50 at equivalent ratio, more preferably A/B=1/0.95 to 1/3.50. 

Next, another case that the above (B) is polyisocyanate compound is described. The reaction to be ure- 
thanated in diisocyanate compound is conducted, for example, by mixing polyalkylene oxide and diisocyanate 
compound within the scope of 0.5 to 1.5 at equivalent ratio of NCO/OH so as to be reacted at a temperature 
of 80° to 150°C for 1 to 5 hours. 

The weight average molecular weight of thus obtained water soluble high molecular weight compound Q 
is preferably set at not less than 1 0,000, more preferably 30,000 to 200,000, most preferably 80,000 to 1 60,000, 
as mentioned above. If the weight average molecular weight is less than 10,000, mechanical strength is low 
and there is a tendency that secondary workability is inferior. On the other hand, if the weight average molec- 
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ular weight is over 200,000, flowing characteristic in meit condition is deteriorated and melt fracture phenom- 
enon is caused, resulting in impossibility of extrusion moulding. 

Besides, it is possible to mix appropriately polyethylene glycol, water soluble lubricant such as a non-ionic 
surfactant, water soluble anti-rust agent and the like into the above P and Q components to improve lubrication 
according to the case. 

The sheet Y employed for drilling in this invention can be manufactured, for exam pie, by a folio wing method 
That is, the sheet Y can be manufactured in a normal method such as solution casting method, fusion intrusion 
with T-die or inflation, or calendering method by employing the above specific water soluble high molecular 
weight compound. 

As the thickness of the above sheet Y, 50 to 500 u.m is preferable. 
Now, multilayer structure sheet (sheet 2) is described. 

The multilayer structure sheet for forming the above sheet Z comprises sheet material and water soluble 
high molecular weight layer whose principal component is at least one component selected from the group com- 
posed of the above P and Q formed on the above sheet material surface. In addition, such expression as "-is 
pnncipal component" contains a case that "-is the only one component". 

As the above components P and Q there are the same water soluble high molecular weight compound as 
employed in the above single-layer structure sheet Y. 

The above sheet material is not critical, however, metallic foil is preferable. Among all, there are foils of 
aluminium, zinc, iron and the like. The thickness of the sheet material is set between 50 to 500 urn. 
As this sheet Z, multilayer structure, there are, for example, the following structures. 
® A sheet wherein water soluble high molecular weight layer is formed on one side or both sides of the 
sheet material. 

© A sheet of three-layer structure wherein water soluble high molecular weight layer is sandwiched be- 
tween two sheets of the sheet material. 

The above (3) is manufactured, for example, by the following method. That is, the water soluble high mo- 
lecular weight film is manufactured by solution casting method, fusion extrusion like T-die or inflation or cal- 
endering method with a forming material wherein the above specific water soluble high molecular weight com- 
pound is a principal component. Then, this water soluble high molecular weight film and sheet material are 
layered and laminated so that ® is manufactured. Or, the specific water soluble high molecular weight com- 
pound is dissolved into water or organic solvent, and the mixture is coated on the above sheet material surface 
thinly, and finally the above organic solvent is completely removed at a temperature 40° to 50 °C so that ® is 
manufactured. In this case, the special high molecular weight layer can be formed by coating the one side or 
both sides of the sheet material thinly therewith. 

The three-layer sheet of the above © is manufactured, for example, by the following method. That is the 
water soluble high molecular weight sheet is manufactured in the same manner as the above ® . Then three- 
layer structure sheet shown in Fig. 1 can be obtained by placing sheet material so as to sandwich the above 
water soluble high molecular weight sheet and adhering them to be laminated. In the figure, 1 is water soluble 
high molecular weight layer and 2 is metallic foil. 

Alternatively, the above specific water soluble high molecular weight compound [component P and com- 
ponent Q] is dissolved into water or organic solvent. This solution is coated on the above metallic foil thinly 
Then the above organic solvent is completely removed at a temperature 40 ° to 50 °C to manufacture a two- 
layered product of the water soluble high molecular weight layer and the sheet material. Subsequently the 
sheet material is adhered to the water soluble high molecular weight layer side of such a two-layered product 
to be laminated, so that the three-layer structure sheet can be obtained. 

In addition, as the sheet material of two layers in the above three-layer structure ®, either the same ma- 
terial or different material may be used. 

The thickness of the above sheet Z is preferably set within the range of 50 to 500 u.m in both the above 
CD and <2). The thickness of the entire sheet of two-layer structure is preferably 100 to 1,000 urn while that 
of three-layer structure is preferably 150 to 1 ,500 u.m. 
so Drilling through a laminated substrate (i.e., a printed circuit board panel) in this invention is conducted for 

example, in the following method. First of all, a normal laminated substrate as an object to be drilled is prepared 
On the other hand, the above sheet 4 for drilling is prepared. As shown in Fig. 2, the sheet 4 is layered on the 
entry substrate, from which the drill or the gimlet starts to pass through (in the direction indicated by an arrow) 
of the above laminated substrate 3 so that thru-holes are formed in a desired diameter on a desired position 
55 of the laminated substrate 3 through the sheet 4. In this way, drilling is conducted. 

The sheet 4 is preferably positioned on both sides of the laminated substrate 3, however when the sheet 
is placed only on one side of the laminated substrate 4, it must be positioned on the entry side of drilling In 
addition, when the sheet 4 comprises a two-layer structure of the sheet material and a water soluble high mo- 
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lecular weight layer, the water soluble high molecular weight layer surface is preferably positioned so as to 
face the laminated substrate 3 each other. 

EFFECTS OF THE INVENTION 

As aforementioned, when forming thru-holes in the laminated substrate, a single-layer sheet (sheet Y) 
mainly made of the special water soluble high molecular weight compound [component P component Q ], or a 
multilayer sheet (sheet Z), wherein special water soluble high molecular weight layer(s) is/are layered on the 
sheet material surface, is piled on the above laminated substrate, so that drilling is performed. For this reason, 
when drilling, the above water soluble high molecular weight layer(s) melt(s) and incorporate (s) debris so as 
to prevent not only cut surface roughness, but also the rise of temperature caused by frictional heat and also 
the drill bit fracture, because melted water soluble high molecular weight compound serves as lubricant. In 
addition, it is not necessary to grind the cut surface after drilling, resulting in simplification of the process. Es- 
pecially, the drilling method of this invention is suitable for drilling small thru-holes not more than 0.5mm in 
diameter. Therefore, in drilling a substrate, usually only 1 or 2 pieces can be layered, however, according to 
this invention, 3 or 4 pieces can be layered for drilling, which can improves a production efficiency. 

Furthermore, since the above water soluble high molecular weight layer is sandwiched between the upper 
and lower substrates in one embodiment employing the multilayer structure sheet, sheet 2, in the present in- 
vention, the debris are not easily adhered to the blade of the drill or the gimlet. Namely, since adhesion is pre- 
vented by the sheet material sandwiching the water soluble high molecular weight layer, substantially no debris 
sticks to the blade. Therefore, even if a drill and the like rotates at a high speed, the drill tip will not break and 
contact the object for drilling thru-holes. As a result, when drilling thru-holes on multilayer substrates, there 
causes no discrepancies among all substrates, which enables forming thru-holes at a high accuracy in posi- 
tioning because the drill bit can contact the object to be drilled without the drill bit fracture at the high speed 
rotation. 

Furthermore, according to drilling method of the present invention, since the degree of the cut surface 
roughness is low, occurrence of haloing can be greatly restrained in coppering after drilling. When haloing oc- 
curs in a inner copper layer in multilayer substrates, copper rusts as time goes, sometimes copper circuit is 
disconnected. Therefore, it is required to prevent haloing. The above haloing is caused because galvanizing 
liquid permeated into the copper inner layer is difficult to remove in a rinsing process after galvanizing, resulting 
in copper rust due to this galvanizing liquid. In addition, there is a method of preventing oxidation of galvanizing 
liquid with reducing agent before galvanizing. However, in this case, a process become complicated because 
reducing process is incorporated therein additionally. In the present invention, it is effective to prevent haloing 
without any additional process. 

The following examples and comparative examples are further illustrative of the present invention. 

( i ) First of all, the sheet Y f single-layer structure, is described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view illustrating one example of a sheet for drilling in the present invention and 
Fig. 2 is a schematic view illustrating the method of drilling in the present invention. 



2.2 parts of dimethyl terephthal ate were added in 100 parts by weight (abbreviated as parts hereinafter) 
of polyethylene glycol obtained by adding ethylene oxide into ethylene glycol (weight average molecular weight: 
10,000). A normal trans polyesterificat ion was conducted to obtain water soluble high molecular compound 
whose weight average molecular weight is 130,000 and water solution viscosity is 250cps (30°C, B-type visc- 
ometer). [In the repetitive unit represented as the above general formula (I), D, X and R 2 are as follows ] 

D : <CH 2 CH 2 Of 

X : - OCH 2 CH 2 O- 

R 2 : 



This water soluble high molecular compound was used to be extruded into a sheet in 100 \im thick of water 



EXAMPLE 1 
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soluble high molecular sheet by uniaxial extruder under the condition at a T-die temperature of 90 °C. 



The water soluble high molecular compound (weight average molecular weight: 100,000) at 10% of water 
solution viscosity and 600cps (30°C, B type viscometer) was obtained by condensation polymerizing 840 parts 
of polyethylene glycol (molecular weight 8,400) with 23.2 parts of dimethyl sebacate. [In the repetitive unit 
represented as the above general formula (I), D, X and R 2 are as follows.] 

D : {CH 2 CH 2 Of 

X : -OCH 2 CH 2 O- 

R 2 : -OC (CH 2 ) 8 CO- 

By employing this water soluble high molecular compound, water soluble high molecular film in 200 urn 
thick was manufactured in the same manner as EXAMPLE 1 . 



180 parts of ethylene oxide was added in 20 parts of polypropylene glycol (molecular weight: 2,000) for 
reaction so that polyalkylene glycol (weight average molecular weight: 20,000) was obtained. Then, 200 parts 
of this polyalkylene glycol and 1.94 parts of dimethyl terephthalate were condensation polymerized so that wa- 
ter soluble high molecular compound at weight average molecular weight of 140,000 and 10% water solution 
viscosity of 260cps (30°C , B type viscometer) was obtained. [In the repetitive unit represented as the above 
general formula (I), D, X and R 2 are as follows.] 

D : iCH 2 CH 2 O} 

X : -OCH 2 CHCH 3 O- 

R 2 : 



By employing this water soluble high molecular compound, water soluble high molecular film in 200 urn 
thick was manufactured in the same manner as EXAMPLE 1. 



0.84 parts of hexamethylene diisocyanate and small amount of dibutyltindilaurate are added into 1 00 parts 
of polyalkylene oxide compound (weight average molecular weight 20,000) obtained by block-addition poly- 
merizing alkylene oxide comprising 85% ethylene oxide and 15% propylene oxide into bisphenol A, and then 
urethanated at 1 00 °C, so as to prepare water soluble high molecular compound of weight average molecular 
weight 2,500,000, 2% water solution viscosity 2,000 cps (30°C, B type viscometer), and melt viscosity 58 °C. 
[In the repetitive unit represented as the above general formula (I), D, X and R 2 are as follows.] In addition, 
NCO/OH equivalent ratio is 1 in the above urethanation. 

D : a unit composed of a repetition of 4CH 2 CH 2 0> and 



EXAMPLE 2 



EXAMPLE 3 




EXAMPLE 4 



C Hi 



-ec H * C H O^r— 



X: 



C Hi 




C Hi 



8 



,1J_> 



EP 0 642 297 A1 



R 2 : -NHCO (CH 2 ) 6 NHCO- 
By employing this water soluble high molecular compound, water soluble high molecular film in 100 urn 
thick was manufactured in the same manner as EXAMPLE 1. 

5 EXAMPLE 5 

The mixture composed of 60 parts of polyethylene glycol (molecular weight 1,000,000) and 40 parts of 
polyethylene glycol distearate (molecular weight 4,000) are prepared. A water soluble high molecular sheet in 
1 00 urn thick was manufactured from the mixture in the same method of EXAMPLE 1. 

10 

EXAMPLE 6 

Water soluble high molecular compound (weight average molecular weight 20,000) was prepared by block- 
addition polymerizing alkylene oxide comprising 85% ethylene oxide and 15% propylene oxide into bisphenol 
15 A. This water soluble high molecular compound showed 10% water solution viscosity 9.5cps (30 °C, B type 
viscometer) and melt viscosity 60°C. 

By employing this water soluble high molecular compound, water soluble high molecular film in 100 urn 
thick was manufactured at a T-die temperature 90°C with uniaxial extruder. 

(ii) The two-layer structure sheet as one of sheet Z, multilayer structure. 

20 

EXAMPLE 7 

Solution at 30% condensation was prepared by dissolving the water soluble high molecular compound 
(weight average molecular weight 130,000) obtained in EXAMPLE 1 into the mixed solvent of water and me- 
25 thanol (mixing ratio=1:1 by weight). This solution was coated in 100 ^im thick on aluminium foil surface in 100 
urn thick with a doctor blade (doctor blade DP-150, manufactured by Tsugawaseiki-seisakusho) . Aluminium 
foil with water soluble high molecular film thereon was produced in this way. 

EXAMPLE 8 

30 

Solution at 30% condensation was prepared by dissolving 30 parts of the water soluble high molecular 
compound (weight average molecular weight 100,000) obtained in EXAMPLE 2 into 70 parts of water. This sol- 
ution was coated on aluminium foil surface in 100 u.m thick with a doctor blade (doctor blade DP-150, manu- 
factured by Tsugawaseiki-seisakusho). Aluminium foil with water soluble high molecular film thereon was pro- 
35 duced in this way. 

EXAMPLE 9 

Water soluble high molecular sheet produced in the above EXAMPLE 6 was prepared. In the meantime, 
40 aluminium foil in 150 urn thick prepared. Aluminium foil is adhered to the above water soluble high molecular 
sheet by adhesion [diabond No.160, manufactured by Nogawa Chemical Co., Ltd.] to be integrated, and a sheet 
for drilling was obtained. 

(iii) The three-layer structure in other structures of multilayer structure, sheet 2. 

45 EXAMPLE 10 

A water soluble high molecular sheet (100 ^m thickness) of the above EXAMPLE 1 was prepared. Then, 
two pieces of aluminium foil in 150 urn thick were prepared. Each aluminium foil was adhered to both sides of 
the water soluble high molecular sheet with adhesive [diabond No. 160, manufactured by Nogawa Chemical 
so Co., Ltd.] to be laminated so that a sheet for drilling was obtained. 

EXAMPLE 11 

60 parts of polyethylene glycol (molecular weight 1 ,000,000) and 40 parts of polyethylene glycol distearate 
55 (molecular weight 4,000) were dissolved into water so as to prepare solution. The solution was coated in 100 
u.m thick on the aluminium foil surface with a doctor blade (doctor blade device DP-150, manufactured by Tsu- 
gawaseiki-seisakusho) so as to form a water soluble high molecular layer. Furthermore, aluminium foil in 100 
um thick was adhered to the above water soluble molecular layer side with adhesive [diabond No. 160, man- 
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ufactured by Nogawa Chemical Co., Ltd.] so that a sheet for drilling was obtained. 
EXAMPLE 12 

5 A water soluble high molecular sheet (200 thickness) on the above EXAMPLE 2 was prepared. Then, 

two pieces of aluminium foil in 1 50 urn thick were prepared. Each aluminium was adhered to both sides of the 
above water soluble high molecular sheet with adhesive [diabond No. 160, manufactured by Nogawa Chemical 
Co., Ltd.] to be laminated so that a sheet for drilling was obtained. 

10 EXAMPLE 13 

A water soluble high molecular sheet (200 u.m thick) of the above EXAMPLE 3 was prepared. Then, two 
pieces of aluminium foil in 200 \im thick were prepared. Each aluminium was adhered to both sides of the above 
water soluble high molecular sheet with adhesive [diabond No. 160, manufactured by Nogawa Chemical Co., 
15 Ltd.] to be laminated so that a sheet for drilling was obtained. 

EXAMPLE 14 

A water soluble high molecular compound (weight average molecular weight 20,000) was prepared by 
20 block-addition polymerizing aikylene oxide comprising 85% ethylene oxide and 15% propylene oxide into bi- 
sphenol A. water solution viscosity is 9.5cps (30°C, B type viscometer) and melt viscosity is 60 °C in this water 
soluble high molecular compound. 

A water soluble high molecular sheet in 50 jam thick was obtained by extruding the above water soluble 
high molecular compound with a uniaxial extruder at a T-die temperature 90°C into a sheet. Then, two pieces 
25 of aluminium foil in 150 u,m thick were prepared. Each aluminium was adhered to both sides of the above water 
soluble high molecular sheet with adhesive [diabond No. 160, manufactured by Nogawa Chemical Co., Ltd.] 
to be laminated so that a sheet for drilling was obtained. 

EXAMPLE 15 

30 

A water soluble high molecular sheet (100 \itr\ thick) of the above EXAMPLE 4 was prepared. Then, two 
pieces of aluminium foil in 150 urn thick were prepared. Each aluminium was adhered to both sides of the above 
water soluble high molecular sheet with adhesive [diabond No. 160, manufactured by Nogawa Chemical Co., 
Ltd.] to be laminated so that a sheet for drilling was obtained. 

35 

COMPARATIVE EXAMPLE 1 

A water soluble sheet (1 00 urn thick) formed with 50 parts of polyethylene oxide (weight average molecular 
weight 1,100,000) and 50 parts of polyoxyethylene sorbitan monostearate was prepared. 
40 Then, two pieces of aluminium foil in 150 urn thick were prepared. Each aluminium was adhered to both 

sides of the above water soluble high molecular sheet with adhesive [diabond No. 160, manufactured by No- 
gawa Chemical Co., Ltd.] to be laminated so that a sheet for drilling was obtained. 

COMPARATIVE EXAMPLE 2 

45 

Aluminium foil in 100 ^im thick was prepared. 
COMPARATIVE EXAMPLE 3 

so 250 parts of dipropylene glycol, 670 parts of non-ionic surfactant [trihydroxystearin and a water soluble 

wax [ polyethylene glycol (PEG-6000)] : molecular weight 8,500] and 80 parts of fatty acid ester (glycerine stea- 
ric acid ester) were mixed to form material for a lubricant sheet. The lubricant sheet was coated on one side 
of water soluble paper by a roller and dried so as to manufacture a sheet wherein a lubricant film layer in 4.5mil 
was formed. 

55 On the other hand, six-layer glass fabric base material epoxy substrate was produced as follows. First of 

all, R1766T [manufactured by Matsushita Electric Works Ltd., both sides with copper foil] / R1 661 T [manufac- 
tured by Matsushita Electric Works Ltd., prepreg layer (0.15mm thick)] / R1766T / R1661T / R1766T were 
combined in this order to be laminated, heated at 120 °C under condition of 40kg/m 2 pressure for 10 to 15 min- 
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utes by a heat-pressing device, and heat formed at 170 °C for not less than 40 minutes, so that three pieces 
of six-layer glass fabric base material epoxy substrate were produced. 

Then, three pieces of the six-layer substrate thus obtained were adhered and layered and a sheet for drill- 
ing was layered on the substrate as follows, (from the entry side) A sheet for drilling or aluminium foil / the 
s first six-layer glass fabric base material epoxy substrate /the second six-layer glass fabric base material epoxy 
substrate / the third six-layer glass fabric base material epoxy substrate / paper phenol laminate. 

Drilling on the above EXAMPLES and COMPARATIVE EXAMPLES was conducted under the following 
condition. Then, after using 4,000 hits, drilling was conducted. Each cut surface was valued by visual obser- 
vation. The results are shown in Table 1 below. In addition, evaluation in Table 1 is indicated by the following 
10 four steps. 

© : No debris could be seen. 
O : Substantially no debris could be seen. 
A : A small amount of debris could be seen. 
X : A lot of debris could be seen. 

15 

[Drilling condition] 



® Drill bit diameter 0.30mm 
© Drill revolution speed: 80,000rpm 
20 <D Feed speed: 1 .6mm/min 



25 

EXAMPIxE 



30 



40 



TABLE 1 

EVALUATION AFTER DRILLING 
1st substrate 2nd substrate 3rd substrate 



1 © © © 

2 © © © 

3 © © © 

4 © © © 

5 © © © 

6 © © © 

7 © © © 
35 8 © © <§> 

9 © © © 

10 © © © 

11 © © * © 

12 © © © 

13 © © © 

14 © © © 



COMPARATIVE 
EXAMPLE 

45 1 X X X 

2 A A X 



3 X X 



X 



As results from the above Table 1, no debris was identified in three substrates of all EXAMPLES, which 
shows that debris was acquired by the water soluble high molecular compound melted with heat in drilling. On 
the other hand, a lot of debris was identifi d in three substrates and also cut surfaces were rough in COM- 
PARATIVE EXAMPLE 1 . Furthermore, debris was identified and debris stuck to thru-holes and the neighboring 
portion in COMPARATIVE EXAMPLE 2. 

Then, surface roughness of the inner copper layer in the multilayer lamination substrate, which was drilled, 
was valued by visual observation. The results will be shown in Table 2. In addition, evaluation in Table 2 is 
indicated by the following four steps. That is, first of all, to expose the inner copper surface of each multilayer 
lamination substrate for evaluation, upper layers such as epoxy resin layer and the like were grinded by a grind- 
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10 



15 



20 



25 



40 



45 



50 



er till the copper surface was seen. When the copper surface was seen, enlarged photograph of each the por- 
tion was taken by microscope. From the photographs, centering around thru-holes, surface roughness was 
valued by visual observation. In addition, each inner copper of the third substrate of six-layer substrate from 
the entry side was exposed so that microphotographs were taken for evaluation. 
® : No haloing could be seen. 
O : Substantially no haloing could be seen. 
A : A small amount of haloing could be seen, 
x : Haloing could be seen. 

TABLE 2 

EVALUATION OF HALOING 
3rd inner copper of 3rd lamination substrate 



EXAMPLE 




1 


© 


2 


© 
@ 


3 


4 


© 


5 


© 


6 


© 


7 


© 
© 


8 


9 


© 


10 


© 


11 


© 


12 


© 


13 


© 


14 





30 



COMPARATIVE 
EXAMPLE 

35 1 X 



2 



X 



3 * 

From the results of Table 2, it is found out that no haloing could be seen and occurrence of haloing was 
prevented in EXAMPLE 1 to 14. On the other hand, haloing was obviously identified in COMPARATIVE EX- 
AMPLES. 

Then, the accuracy of positioning thru-holes was valued as follows. That is, positioning in each substrate 
was decided before drilling with a driller and drilling was conducted on three-layered substrates After that 
the discrepancy between center positions of the first substrate and the third substrate was measured by cal- 
ipers. The results are shown in Table 3. In addition, each evaluation was indicated by the following four steps 
© : No discrepancy could be seen. 
O : Substantially no discrepancy could be seen. 
A : A little discrepancy could be seen, (about 50 to 75 uxn) 
x : Discrepancy could be seen, (not less than 1 00 urn) 



55 
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TABLE 3 

ACCURACY OF POSITIONING THRU-HOLES 



EXAMPLE 




1 




2 


© 


3 


© 


4 


© 


5 


© 


6 


© 


7 


® 


8 


© 


9 


© 


10 


© 


11 


© 


12 


© 


13 


© 


14 


© 


COMPARATIVE 




EXAMPLE 




1 


X 


2 


X 


3 


X 



30 From the results of Table 3, no discrepancy between the first substrate and the third substrate could be 

seen in all EXAMPLES. On the other hand, there was a discrepancy of 120 u,m between the first one and the 
third one. 



35 Claims 



1. A method for drilling a through hole in a laminar substrate of an insulating material and a metal foil, the 
method comprising: 
placing either: 

40 (Y) a high molecular weight sheet comprising a water soluble high molecular weight compound, a 

principal component of which is P or Q; or 

(2) a multilayer sheet comprising a plurality of water soluble high molecular weight layers on a sheet 
material, a principal component of which is P or Q 
on the entry surface of the substrate; and 
45 forming a through hole in the substrate through the sheet (Y) or (Z), wherein: 

P is a water soluble high molecular weight compound comprising an organic residue having two 
active hydrogen groups: 

4CH 2 CH 2 0)- in an amount of at least 70% by weight; and 



-fCH 2 CHOK- 



and 

5 5 Q is a water soluble high molecular weight compound comprising the repeating unit I: 

fDXDR 2 } I 

wherein: 

Ri is a hydrocarbon group; 
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R 2 is a polycarboxylate reside or a diisocyanate residue; 
D comprises: 

of D; and"* ^ ^ Wher6in " * * * CHz ° H2 ° } ""P*"* at ^ 70% by weight 

-fCH a CHOh. 

wherein m is O or a positive number; and 

X is an organic residue with two active hydrogen groups. 

2 ' tSS^SS? ^ Claim „ 1 , 1" WhiCh mU ' tilayer She6t Z ""^ 3 Sheet material ha ™9 the water 
15 soluble high molecular weight layer on one side. 

t^nt^-T 9 !° d f 1 Wherei " thS mu,ti,aver sheet 2 is a three-layer structure comprising the 
wefgntlayer 9 9t '^ 



70 



3. 



20 4. 
5. 



25 



6. 



7. 



A method according to any preceding claim wherein the sheet material is metallic foil. 

iS°h d f 00 ?" 9 , t0 3ny precedin 9 daim wherei " weight average molecular weight of the water 
soluble high molecular weight compound of component P is not less than 1,000. 

tu£!r» ! CC0 7 l,ng , t0 Precedin9 dalm wherein the we '9ht average molecular weight of the water 
soluble h.gh molecular weight compound of component Q is not less than 10,000. 

A method according to any preceding daim wherein the water soluble high molecular weight compound 
of component P » a polyalkaylene oxide compound obtained by addition polymerizing an aLenToxIde 
mamly composed of ethylene oxide into an organic compound having two active hydro^n groups 

8 ' of ^mn 0 d n!Tn din9 *° a ^ precedina daim wherein «» water soluble high molecular weight compound 
of component Q is formed by reacting the following (A) and (B)- u»'P°una 

^L S HTJ y h a !, ky,ene °^ de compound obtained addi «°n Polymerizing an alkylene oxide mainly com- 
3S posed of ethylene ox,de into an organic compound having two active hydrogen groups- 

(B) is a polycarboxylate compound or a diisocyanate compound. 

9 " l S „K 9 ' e | ' ayer Sh6et f °/ USe in dri '" n9 comprisina a wa »er soluble high molecular weight compound the 
pr.nc.pai component of which is P or Q, wherein P and Q have the same meaning as m clairnT 

10. A multilayer sheet for drilling obtained by layering a water soluble high molecular weight compound layer 
the pr.nc.pa. component of which is P or Q, wherein P and Q have the same meaning as in claim 1 

11 " t0 daim 10 Wherein ^ W3ter S °' Uble hi9h m ° ,eCular Wei9ht la y er is on ° ne of the 

12. A sheet according to claim 1 0 wherein the sheet is a three-layer structure comprising the water soluble 
weighTy^^ 

so 13. A sheet according to any of claims 10 to 12 wherein the sheet material is metallic foil. 

14 " Clehtan 10 any ° f Claims 9 to 13 therein the weight average molecular weight of the water solu- 

ble high molecular we.ght compound of component P is not less than 1 ,000. 

16. A sheet according to any of claims 9 to 1 5 wherein the water soluble high molecular weight compound of 

14 
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component P is formed by addition polymerizing an alkylene oxide consisting mainly of ethylene oxide 
into an organic compound having two active hydrogen groups. 

17. A sheet according to any of claims 9 to 1 5 wherein the water soluble high molecular weight compound of 
5 component Q is formed by reacting (A) and (B), wherein (A) and (B) have the same meaning as in claim 

8. 
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